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/;éhospbonic pcid enters asyanthesized by the reaction described
in this paper can be sasily converted iuto halophosphonates, 1.6.,
compounds which are knowa 0 nave ~ualinesterase inhibitor activity.
Thig refers to & potentiality 2nly  there iz no information to the
effect that the Russian investigators are actually pursing a lipe
of research aimed 8% the syuthesis of chelinesterase inhivitors
under application of the reectipn d.r:e':.rzbvei?

In one of the preceding invastigations /i 7 we studied the action of di-
alkylphosphorous acids on ralogen o antal ningaal',“,yl isomers. It was shown that
in this reaction not only ezters of alkoxy ethyl allyl phosphonic acid are
formed, according to “he normal scheme for primary haloid allyl compounds and
for secondary ones with complete allyl rearrangement, but also there occurs an
addition to them of szodium dislkylphosrhonic acid with the formation of alkoxy-

di-{dialkylphosphoue} pentanes. ,
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_ . Since the above case of addition of sodium salts of dialkylphosphonous
acids to unsaturated compounds is, up *o now, the on.y one known in literature
and is of great theoretical interest, we decided to investigate this new type
of reaction more clossly, using a3 an example unsaturated ¢ompounds belonging
to various groups of orgamic compounds

The present report describes vesults obtained in the study of the reaction
of the addition of unsaturated dialkylphosphorous acids to B, B.dimethyl vinyl
ketone, belonging to the ~lass of unsaturated ketones. As the investigations
of I. N. Nazarov and his associates showed, divinyl ketones are extremely re.-
active compounds. Thus, he succeeded in adding to £, B .dimethyl vinyl ketone
water, alcohols, amines, diens hydrccarbons, malonic and acetoacetic esters,
furane derivatives, hydrogen chloride, and hydrogen sulfide 5_2_7_ The addi-
tion reactions have selective chararter the majority of the combounds are
added to the unsubstituted vinyi group, while some, such as hydrogen chloride
and hydrogen suifide, on the other hand, are adled primarily to the substituted
vinyl group

We conducted the experiments on *he nddition of dialkylphosphorous acids
to,B,lﬁuiimethyl vinyl ketone under varions conditions. In the first experi-:
ments, a solution of sodium dielkylphrsphite in dialkyiphosphorous acld was
added to the ketome The reaction was very viclent, and the yields of the
addition products were very small and these products highly unstable. Later
it was established that wstrer resuits mare obtained by the addition of a small
quantity of an alcoholic soluticn of scdium al<oholate to the mixture of ketone
and dialkylphosphorous acid, as was the case in a series of experiments conducted
by I. N. Nazarov and his associates. By thiz metbod. the reproducibility of the
experiments and the yislds of products were fully satisfactory. The addition to
B, A-dimethyl diviny: ketone of dimethyl phosphorous, dietnyiphosphorous, di-
isobutyl phosphorous and dibutyl phosphorous acids was studied. The addition
of dimethyl. and of diethyl phosphorous acid proceeds most energetically be-
cause the temperature of the reaction mixture after the addition to the mixture
of a few drops of alcoholic eolution of alcocholate is raised to 80°.900C, and
the reaction practically runs its course within a few minutes. The addition
of higher dialkyl phosphorous acids proceeds less energetically and requires a
considerably greater gquantity of sodium alcoholate.
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The -constant: and the vields of the pradoete of the addition are shown
in the table below:
Mol Re-
fraction Denééty Yield
ng i
o — " o L g
{ //O (9] o
1 (CHR)C*CHCOCH,UH P 1697571 1 u71] 1.1130 59
i T, at 1% mm
/0
2 (FH3\-C "CHCOCHCH, Py 16997 1, %660 1.0658 52
"“l\“j;-ﬁxr_ ‘" st 4 omm
40
3 {CHy)pC=CHCOCH CH.F] 1387 190 1.8511 1.0013 8.5
- ol ,_‘H(.J‘ s at *0 mm
L VCH, CACHCOCECH, P PRt I S WP T 1.0111 57

e nn;

For determination of the ztructure of tne products obtained, the product of
the addition of d-efhy1pﬁo ;hcn ¢ ar1d to 8. A Adimethyl divinyl ketone was sube
Jected to detailed investigation Titration of the product with & bromine solu-
tion showed that it confalled ony one deuble bond. ©On saponification of the
product with hydrochloric acid, ethyi chloride waz obtained, in a quantity corre-
sponding to the theoretical computation based on the assumption of the presence
of one diethyl prhosrhon:ic radi:el in the molscule  The prezence in the product
of one diethyl radital was also confirmed by the titration which resulted in the
saponitication of the phosphenic azid with a solution of caustic alkali. No phos~
phoric azid waes detected in the zaponification products, while it should have
been formed if the phosphorus of the phesphonic radical in the addition product
had been attached te the carbon stom in the ¢ positicon to the ketone group 1"3 7,
{Action of phenyl hydrazine on the acid gave a crystalline product with & melting
point of 143C.144°C, the product resulting from the addition of phenyl hydrazine
" to phoaphorlc acid me'ra at 1559 .156°C under effervescence; a mixed sample of
both products melted at 1309¢ ). Finally. on oxidation of the product with potass
sium permanganat a large quaniity of acetone whose semicarbazone melted at 176 C
wag obtained, Th= presence of the ketone radical in the product investigated was
shown by color reactions with sodium nitroprusgide and A.naphthol and sulfuric
acid and the isolation of liquid phenyl hydrazine which distilled over at 210°C
at 2 min. The date obtained indicate that the vroduct of the addition of diethyl
phosphorous acid to B, A-dimethyl divinyl ketone has the following formula:

cH e}
2
>0 = CHOOCHA OB ‘
CHS/ [0C,H, ) e
]

As far as the mechanism of the resstion investigated by us is concerned, we
believe it possible to express the following ideas: I. N. Nazarov and L, Tere-
khova mssume that the addition of malonic and acetoacetic esters and of acetyl
acetone to AA.dimethyl vinyl ketone takes place after the formation of the corre-
sponding sodium derivatives, with their subzeguent addition in the 1 and l posi-
tions to the unsaturated ketone, sccording to the following scheme:
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CH., /."OR
2T =CH-CO-CH:CH, -+ NaUH{ —_—
CHS/ h COR
ONa
CH, COR
————>»  “C=CH-C=CH-CH,-CH,
cH,/ “  COR
3
/COF
CA, ;
CH. COR \ e
3N¢e - C=CH- 0B CF, COR - '
CHy/ COR
CH3\ L OR
C=CB-C0-CH,~CH,~CH\
CHQ/ - COR
However, as it has been shown by cur experiments that dialkyl phosphorous
acids are added not only to unsaturated kefones, but also to unsaturated phose
phonic ethers where the above scheme (addition in the 1, b position) cennot be
applied, 1t must be considered likely thet addition takes place directly in the
1, 2 position, as follows:

-’RO)QPOH + NaOCH, ———> (RO} PONa + CH;0H

{
!
>C=CH—C—CH=632 + \/-FiOR\,: ——— C-—-CH—C‘O—CH‘Na—CHg—P\
CHy/ Na = CH?_ = MMOR) 2
i
GHB\ %0 i
G=CH'CO‘CHN3“CH2—P\ ) v + HOE(OR
CH “ORY ‘2 i
3 2 i
CH3\ 0O Na,
—_— C=(H‘CO"CH?—CHQ'P< + JEORY
CH_-(/I ‘i COR \2 0 -

EXFERIMENTAL FART

: Addition of Diethyl Phoaphorous Acid 4o 4 A.dimethyl Divinyl Ketone,
Expeximent 1

In 14 g of diethyl phosphorous acid a piece of metallic sodium the size of
a pinhead was dissolved. The solution obtained was then added drop by drop to
11 g of 4, A.dimethyl divinyl ketone. The re¢action generates & large amount of
heat and the mixture becomes very hot. To reduce the temrerature of the reaction,
the mixture was cooled with c¢nld water during the entire pericd of the drop-by-
drop addition of the disthyl phospherous aczid.
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After additizn of thks cntire quani-+y ~f the diethy) phosphorous acid,
the mixture was heatzd on a wa*er bath for 2 hours and then distilled in vacuum
from an Arbuzov flazk  From the yield of the first distillation, 13 g of a
fraction with the boiiing-point range of 1597.1657C at 5 mm were separated.
About 10 g of «lear, extremely viszous yellow colored liquid remained in the ‘
flask, Attempts to distall it uasder Z-mam pressure were unsuccessful.,

Under 1ntensive heating, decomposition took place, accompanied by formaw
tion of large quantities of white fumes. Analysis of this residue showed a
content of 1% of phosphorue, while the product of the addition of two mole-
cules of diethyl phostrhorous acid tc B, -dimethyl divinyl ketone should con-
tein 16.1% The frac+ion 4istilling in the boiling range of 159°-165%C at
5 mm, on repeated diztillation, boiled in the main at 1:9°C at 2 mm,

200 4 968 20 1 ugde
4, 1 0658 oL (A0

0.170k g of material, 38 7 ml NaOH (T.. 0 OZ00' Found: 12.2% P.

0,F. Calculated, 12 5% F

C1oHa10%

12
¥ In the second experimen*, the reaction was carried out in an ether solu-
tion. The results remained as before In a seriez of analogously conducted
reactions, & considerably smaller quantity of the addition product was obw
tained. Generally, only a nondistilling product, mentioned above, was formed.

To the reaction mixture made from it g of diethyl phosphorous acid and
11 g of B, A -dimethyi divinyl ketone, sbout ten drope of a saturated alcohol
solution of sodium ethylate were add<d <lowly from 2 drorping funnel under
cooling with cold wakter. The reaction proceeds ver-y violently, with strong
: heating of the reaction mixfurs. Further addition of sodium ethylate no longer
¢ affected the heating of the reacticn mixture. After Z hours of heating over a
water bath, the mixture was transferred %o an Arbuzov flask and distilled in
vacuum. _Fourtezen grams of a product with a hoiling point of 176°.-180°C at

11 mm, nﬁ of 1.4658 were obtained The residue weighed 8.7 g.

r

Investigation of the Product With Fp 149°C at 2 mm

The product is liguid, fairly viscous, slightly yellow in color, soluble
in water and in various organic solvents.

Titration with Bromine

Quantitative determination of double bonds in the product was carried out
f by the method of McIliney [apgroximation from the Russigg7. 0.4050 g of sub-
! stance: hyposulfite used Tfor addition). 36.3 ml (T=0,0L7008). Bromine re=
acting: 0.30 g. Calculated Fi 0.27 g.

Saponification -

Six grams of product and 30 mi of dilute {1:1) hydrochloric acid were
heated for 10 min in a sealed tube 2% l70°~1800Cu After unsealing the tube,
the ethyl chloride was evaporated. Its last traces were removed from the mate-
rial by heating the tube in warm water. The difference in weight of the tube
before and after the removal of the ethyl chloride was 3.3 g. Theoretically,
according to the calculation, 3.1 g of ethyl chloride should be liberated per one
phosphenic radical. The aqueouvs solution, after removal of the ethyl chloride,

L)
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wvas evaporated many *ime: in a porcalain Ai1sh with distilled water, After re~
moval of all the hydrogen cpliorias, The watsr wali driven off under vacuum. The
residue yielded phosphoniz acid in zhe form of 4 wiscous liguid. It was left
in 8 dessicator cve:r sulfuri: acid for & menth Crystallization wes not obe
served. A total of 4 8 g of acid was obtained. ,

&

From 6 g of phosphonic efter, the yield should have been 4.7 g. Four
and two-tenths of arid wers dizsoived in watsr and titrated with a solution of
caustic. Calculated on the basis of the total acid /4% 7 g) the quantity of
NaOH should have been 1. 98 g, but actually was 2.15 g. Six-tenths g of phenyl
hydrazine were added o C £ g of asid which, weighed in a small porcelain dish,
and diluted with S ml of e*nyl alcohei. Within several minutes, a large quan-
tity of precipitate was formed It was filtered and dried. A total of 0.75
g of crystalline substance waz obtained  After two recrystallizations from
alcohol, the substance melted at 14 37.16u8 without effervescence. The prod-
uct of the combination of phenyl tydraczine with phosphoric acid melts at 155°.
15626 with strong efferveszcencs A mixed sampie of both products melted at
130°C.

Oxidation

A total of 2.8 g of the product was dissolved in 200 ml of water. Then,
3.8 g of potaseium permanganate, ground tc a powder, were added gradually,
with constent shaking and cowling by running water After atanding one day
over the manganege dioxide, the scliution blearhed, The entire mass was trans-
Perred to & flask and 15 ml of it wers distilled off. The distillate had the
characteristic ndor of acstone. Semicarbazide was added to it, and the mixe
ture was then allowed to stand for a day Ten min after the semicarbazide had
been added, the precipitation of eemicarbazone had already begun. A total of
0.3 g of acetone semicarbazone with a2 boiling point of 176°C was obtained.
Aftpr the manganese dioxide had been filtered off, the aqueous solution was
evaporated almost to drynees, the calts were decomposed by the addition of sul-
furic acid, and the free acids extracted with ether. After removal of the
ether by distillation, the vecidus was distilled from a small flask under vac-
uum, It ylelded fra:tions whose boiling points were not ectablished.

The Action of Phenyl Hydrazins
24 a2

A total of § ml of absolute ethyl alcohol and 1.5 g of free phenyl hydra-
zine vere added to 2 g of the addition product. The reaction mixture was al-
lowed to stand at room temperature, and then in the cold for 15 days. Crystale-
lization did not take place About 2 g of phenyl hydrazone with a boiling point
of 210°C at 2 mm weTe separated from the product of the vacuum distillation of
the mixture. The pheny) hydrazons had the coneis*ency of a very thick oil.

0.2858 of substance. 54.5 ml NeOH used Found: 9.15, 8.9% P.
Cy7Hpq03NoP.  Calculated. 9.20% B. -

.

Addition of Dimethy) Phosphorous AcidlEQ:§qujd1methxl Divinyl Ketone

To a mixture of 11 g of(¢€¢ﬂd1methyl divinyl ketone and 11 g of dimethyl
phosphorous acid, several drovs of a saturated alcohol solution of sodium ethye-
late were added slowly from a dropring funnel under cooling. After the addition
of each drop, strong heating of the mixture was observed. A total of ten drops
was required for completion of the reaction. The reaction mixture was vacuum-
distilled after heating for 3 hours in a water bath., After two redistillations,
13 g of product with a boiling point of 1690~171 ¢ at 13 mm were separated.

a2 1.1130; n%o 18711

0.120k g of substance, 31 2 ml NaQd {T= 0.02000} used. 0.2026 g of substance,
50,6 ml NaOH used, Found: 314.3, 13.8% F CgHy704,P.  Calculated: 1i4,1% P,

"6 -
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Addition of Di isobutyl Phosphorous Acid to.f/F-dimethyl DIvinyl Xetons

To the mixture, consisting of 8 g of A, 4 dimethyl divinyl ketone and 14 g
of di-isobutyl phosphurous acid, & solution of sodium ethylate was added drop
by drop under water cooling. A much iarger quantity of sodium ethylate was re-
quired for the campletion of +the ree~tion than for the reactions of the addition
of dimethyl end ethyl phosphorous ac1ds. A total of 10.7 g of product was ob=
-tained after distillation of the mixture.

rpar

Bp 188°.190°C at 10 mm, a2% 1.0013, a2 14512, 0.1629 g of substance,
30.2 ml NaOH {T=0.0200} used 0.1589 g of substance, 29.7 ml of NaOH used.
Foumd: 10.2, 10.3% P. Calculated. 10 2% P.

Additigg_gg‘g}EEEX}_ghosphorougnégid_ggLdzfﬁ~dimethx1 Divinyl Ketone -~

The reaction was carried out with 10 g of ketone and 18 g of dibugyl phos-
phorous acid in the presence of sodium ethylete, by the method described in the
above experiments. Sixteen grams of product were obtained by distilling the
mixture,

c o 20 . 20 .

Bp 198". 00°C at 12 mm, dx 1.0111, op 1.ue23. 0.1536 g of substance,
27 ml of NaOH {T-0.02034) used. Found. 9,96% P. C15329OHP° Calculated:
10.20% P.

SUMMARY
It 1s shown that dislkyl phosphorous acids, in the presence of small gquan-
tities of alcoholates of aikaii metals, easily combine with o4, A.-dimethyl di-

vinyl ketone with the formation of the rorresponding esters of phosphonic acids.
The structure of the products obtained 1s shown and & mechanism of their forma=

tion is proposed.
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